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CLAIMS 

What is claimed is: WP^te'd PCT/PTO 1 3 DEC 2005 

1 . A compound having the general structure: 



(Ff -S0 2 -(Y 2 ) q ) n 
^(R 1 -S0 2 -Y 1 ) m 
(R 3 -S0 2 -Y 3 ) p (|) 



wherein A 1 is a monovalent, divalent, or trivalent aromatic heterocyclic 

10 group comprising heterocyclic rings 

R 1 , R 2 , and R 3 are divalent fluorinated groups; 
m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 
2, or 3 so that the carbon atoms of the heterocyclic rings are fully 
substituted by acidic fluorinated sulfonyl-containing groups; 

15 qisOorl; 

Y 1 is -OH, -NH-SO2-R 4 wherein R 4 is a monovalent fluorinated 
group, -NH-, -NH-S0 2 -R 5 -S0 2 -NH- or 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH- wherein A 2 is a divalent heterocyclic 
group and R 5 , R 6 , and R 7 are divalent fluorinated groups; and 
20 Y 2 and Y 3 are -OH or -NH-S0 2 -R 4 ; with the proviso that when m 

and n are each equal to 1 , p is 0 to 1 , and q is 0, Y 1 is selected from 
the group consisting of-NH-, -NH-S0 2 -R 5 -S0 2 -NH- and 
-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 

2. The compound of claim 1 wherein the compound is a small 
25 molecule. 

3. The compound of claim 1 wherein the compound is a repeat unit 
for a polymer. 

4. The compound of claim 1 , 2 or 3 wherein A 1 selected from the 
group consisting of oxadiazole, triazole, thiadiazole, pyrazole, triazine, 

30 tetrazole, oxazole, thiazole, imidazole, benzoxazole, benzothiazole, 

benzimidazole, benzobisoxazole, benzobisthiazole, benzobisimidazole, 
bibenzoxazole, bibenzothiazole, and bibenzimidazole. 

5. The compound of claim 4 wherein A 1 is selected from the group 
consisting of [1 ,3,4]oxadiazole, [1,3,4]thiadiazole, and [1 ,2,4]triazole. 

35 6. The compound of claim 5 wherein A 1 is [1 ,3,4]oxadiazole. 
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7. The compound of claim 1 , 2, or 3 wherein R 1 , R 2 , and R 3 are 
linear, branched, or cyclic perfluorinated or partially fluorinated saturated 

5 or unsaturated groups having 1 to 20 carbon atoms optionally containing 
ethereal oxygen, chlorine, bromine, or iodine atoms. 

8. The compound of claim 7 wherein R 1 , R 2 , and R 3 are linear or 
branched perfluorinated saturated or unsaturated groups having 1 to 10 
carbon atoms optionally containing ethereal oxygen atoms. 

10 9. The compound of claim 8 wherein R 1 , R 2 , and R 3 are linear 

perfluorinated saturated groups having 1 to 6 carbon atoms. 

10. The compound of claim 1, 2, or 3 wherein m + n + p is equal to 

2 or 3. 

1 1 . The compound of claim 10 wherein m + n + p is equal to 2. 

15 12. The compound of claim 1 or 3 wherein A 2 is a divalent aromatic 

heterocyclic group, such as an oxadiazole, triazole, thiadiazole, 
benzobisoxazole, benzobisthiazole, benzobisimidazole, 
bibenzoxazole, bibenzothiazole, and bibenzimidazole. 
13. The compound of claim 12 wherein A 2 is [1 ,3,4]oxadiazole. 
20 14. The compound of claim 1 or 3 wherein R 5 , R 6 , and R 7 are 

linear, branched, or cyclic perfluorinated or partially fluorinated saturated 
or unsaturated groups having 1 to 20 carbon atoms optionally containing 
ethereal oxygen, chlorine, bromine, or iodine atoms. 

15. The compound of claim 1 or 2 wherein Y 1 , Y 2 , and Y 3 are each 
25 equal to -OH or -NH-SO2-R 4 , wherein R 4 is any monovalent fluorinated 

group, and q is 1. 

16. The compound of claim 15 wherein R 4 is a linear, branched, or 
cyclic perfluorinated or partially fluorinated saturated or unsaturated group 
having 1 to 20 carbon atoms optionally containing ethereal oxygen, 

30 chlorine, bromine, or iodine atoms. 

17. The compound of claim 15 wherein m + n + p is equal to 2 or 3. 

18. The compound of claim 1 or 2 wherein Y 1 is -NH-SO2-R 4 , n 
and p are each equal to 0, and m is 2 or 3. 

1 9. The compound of claim 1 or 3 wherein m and n is each equal 
35 to 1, p is 0 to 1, and q is 0. 
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20. The compound of claim 19 wherein A 1 is a divalent aromatic 
heterocyclic group, m and n are each equal to 1 , p is 0, q is 0, and Y 1 is 
-NH-. 

21 . The compound of claim 19 wherein A 1 is a divalent aromatic 
5 heterocyclic group, m and n are each equal to 1 , p is 0, q is 0, and Y 1 is 

-NH-S0 2 -R 5 -S0 2 -NH- wherein R 5 is a divalent fluorinated group. 

22. The compound of claim 19 wherein A 1 is a divalent aromatic 
heterocyclic group, m and n are each equal to 1 , p is 0, q is 0, and Y 1 is 
-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH- wherein R 6 and R 7 are a divalent fluorinated 

10 groups. 

23. A compound of claim 1 or 3 wherein the compound is a random 
copolymer obtained by randomly combining any variety of the polymer 
repeat units, in any ratio with respect to each other, wherein m and n are 
each equal to 1 , p is 0 to 1 and q is 0. 

15 24. A compound of claim 1 or 2 wherein A 1 is a divalent aromatic 

heterocyclic group, m is 2, n and p are each equal to 0, and Y 1 is 
-NH-S0 2 -R 4 . 

25. A compound of claim 1 or 3 wherein A 1 is a divalent aromatic 
heterocyclic group, m and n are each equal to 1 , p is 0, q is 0, and Y 1 is 

20 -NH-. 

26. A compound of claim 1 or 3 wherein A 1 is a divalent aromatic 
heterocyclic group, m and n are each equal to 1 , p is 0, q is 0, and Y 1 is 
-NH-S0 2 -R 5 -S0 2 -NH-. 

27. A compound of claim 1 or 3 wherein A 1 is a divalent aromatic 
25 heterocyclic group, m and n are each equal to 1 , p is 0, q is 0, and Y 1 is 

-NH-S0 2 -R^A 2 -R 7 -S0 2 -NH-. 

28. A fluorinated fluorosulfonyl-substituted heterocycle having the 
general structure: 

30 

([^ 2 -S0 2 -F) n 
f 3 -(R 1 -S0 2 -F) m 
(R 3 -S0 2 -F) p (l n 
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wherein A 3 is a divalent or trivalent aromatic heterocyclic group comprising 
heterocyclic rings; 

R\ R 2 , and R 3 are divalent fluorinated groups; 
5 m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 2 

or 3 so that the carbon atoms of the heterocyclic rings are fully 

substituted by fluorinated fluorosulfonyl groups. 

29. The fluorinated fluorosulfonyl-substituted heterocycle of claim 
10 28 wherein A 3 is a divalent aromatic heterocyclic group, m and n are each 

equal to 1 , and p is 0. 

30. The fluorinated fluorosulfonyl-substituted heterocycle of claim 
28 wherein A 3 is a divalent aromatic heterocyclic group, n and p are each 
equal to 0, and m is 2. 

15 31 . A process for synthesizing a compound comprising the 

following steps: 

(a) providing a fluorosulfonyl-containing acyl derivative having the 
structure: 

F-S0 2 -R 8 -X, 

20 wherein R 8 is a divalent fluorinated group as defined above for R 1 and X is 
an acyl group; 

(b) condensing the fluorosulfonyl-containing acyl derivative from 
step (a) with a nitrogenous reagent to form a sulfonyl-containing precursor; 

(c) cyclizing the sulfonyl-containing precursor of step (b) by 
25 thermolysis or dehydration to form a sulfonyl-containing aromatic 

heterocyclic compound containing fluorosulfonyl groups or sulfonamide 
groups; and 

(d) converting the sulfonyl-containing aromatic heterocyclic 
compound of step (c) containing fluorosulfonyl groups or sulfonamide 

30 groups, into an acidic sulfonyl-containing aromatic heterocyclic compound 
by either: 

(i) condensing fluorosulfonyl groups with a fluorinated sulfonamide, 

(ii) condensing sulfonamide groups with a fluorinated sulfonyl 
fluoride, 

35 (iii) condensing fluorosulfonyl groups first with ammonia to form 

sulfonamide groups followed by a fluorinated sulfonyl fluoride to 
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form sulfonimide groups, or 

(iv) hydrolysis of fluorosulfonyl or sulfonamide groups to form 
sulfonic acid groups. 

32. The process of claim 31 wherein the acyl group is selected 

5 from the group consisting of acyl fluoride, acyl chloride, acyl bromide, acyl 
iodide, an ester, an amide, and nitrile. 

33. The process of claim 31 wherein the nitrogenous reagent, is 
selected from the group consisting of ammonia; hydrazine; an azide; and 
an organic ortho-substituted aromatic amine. 

10 34. A process for synthesizing a bis(sulfonimide)-[1 ,3,4]oxadiazole 

by condensing a fluorosulfonyl acyl fluoride, F-S0 2 -R 8 -CO-F, with 
hydrazine to form a bis(fluorosulfonyl)dihydrazide containing a dihydrazide 
group and fluorosulfonyl groups; forming a [1 ,3,4]oxadiazole ring by 
cyclizing the dihydrazide group using dehydration; condensing the 

15 fluorosulfonyl groups with ammonia to form a bis(sulfonamide)- 

[1 ,3,4]oxadiazole containing sulfonamide groups; and forming sulfonimide 
groups by condensing a fluorinated sulfonyl fluoride, R 4 -S0 2 -F, with the 
sulfonamide groups, wherein R 4 and R 8 are linear perfluorinated saturated 
groups having 1 to 6 carbon atoms. 

20 35. A process for synthesizing a copolymer containing sulfonimide 

and [1 ,3,4]oxadiazole groups by condensing a fluorosulfonyl acyl fluoride, 
F-S0 2 -R 8 -CO-F, with hydrazine to form a bis(fluorosulfonyl)dihydrazide 
containing a dihydrazide group and fluorosulfonyl groups; forming a 
[1,3,4]oxadiazole ring by cyclizing the dihydrazide group using 

25 dehydration; condensing the fluorosulfonyl groups with ammonia to form a 
bis(sulfonamide)-[1 ,3,4]oxadiazole containing sulfonamide groups; and 
forming sulfonimide groups by condensing a fluorinated disulfonyl 
difluoride, F-S0 2 -R 5 -S0 2 -F, with the sulfonamide groups, wherein R 5 and 
R 8 are linear perfluorinated saturated groups having 1 to 6 carbon atoms. 

30 36. A process for synthesizing a benzimidazole sulfonimide by 

condensing a fluorosulfonyl acyl fluoride, F-S0 2 -R 8 -CO-F, with ammonia 
to form a diamide containing a carbamide group and a sulfonamide group; 
condensing the carbamide group with an ortho-phenylene diamine to form 
a carbamide adduct; cyclizing the carbamide adduct by thermolysis to form 

35 a benzimidazole group, and forming a sulfonimide group by condensing a 
fluorinated sulfonyl fluoride, R 4 -S0 2 -F, with the sulfonamide group, 
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wherein R 4 and R 8 are linear perfluorinated saturated groups having 1 to 6 
carbon atoms. 

37. A process for synthesizing a benzimidazole sulfonic acid by 
condensing a fluorosulfonyl acyl fluoride, F-S0 2 -R 8 -CO-F, with an ortho- 

5 phenylene diamine to form a carbamide adduct; cyclizing the carbamide 
adduct by thermolysis to form a benzimidazole group, and forming a 
sulfonic acid group by hydrolyzing the fluorosulfonyl group wherein R 8 is a 
linear perfluorinated saturated group having 1 to 6 carbon atoms. 

38. A solid polymer electrolyte membrane comprising a porous 
10 substrate having imbibed therein a compound having the general 

structure: 

(FjP-S0 2 -(Y 2 ) q ) n 
yj0-(R 1 -SO 2 -Y 1 ) m 
(R 3 -S0 2 -Y 3 ) p (|)> 

15 

wherein A 1 is a monovalent, divalent, or trivalent aromatic heterocyclic 
group comprising heterocyclic rings; 

R 1 , R 2 , and R 3 are divalent fluorinated groups; 
20 m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 

2, or 3 so that the carbon atoms of the heterocyclic rings are fully 

substituted by acidic fluorinated sulfonyl-containing groups; 

qisOorl; 

Y 1 is -OH, -NH-SO2-R 4 wherein R 4 is a monovalent fluorinated 
25 group, -NH-, -NH-S0 2 -R 5 -S0 2 -NH-, or 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH- wherein A 2 is a divalent aromatic 
heterocyclic group and R 5 , R 6 , and R 7 are divalent fluorinated 
groups; and 

Y 2 and Y 3 are -OH or -NH-S0 2 -R 4 ; with the proviso that when m 
30 and n are each equal to 1 , p is 0 to 1 , and q is 0, Y 1 is selected from 

the group consisting of -NH-, -NH-S0 2 -R 5 -S0 2 -NH-, and 
-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 
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39. The solid polymer electrolyte membrane of claim 38 wherein 
the porous substrate is selected from the group consisting of inorganic 
fiber substrates and microporous films of perfluorinated polymers. 

40. The solid polymer electrolyte membrane of claim 38 wherein 
the compound is a small molecule. 

41 . The solid polymer electrolyte membrane of claim 38 wherein 
the compound is a repeat unit for a polymer. 

42. The solid polymer electrolyte membrane of claim 38 wherein 
the compound is cross linked, grafted, or chain extended within the porous 
support. 

43. The solid polymer electrolyte membrane of claim 42 wherein 
the compound is modified to contain reactive functional groups to provide 
crosslinking, grafting, or chain extension. 

44. The solid polymer electrolyte membrane of claim 42 wherein 
the compound is mixed with reagents to provide crosslinking, grafting, or 
chain extension. 

45. A catalyst coated membrane comprising a solid polymer 
electrolyte membrane having a first surface and a second surface, an 
anode present on the first surface of the solid polymer electrolyte 
membrane, and a cathode present on the second surface of the solid 
polymer electrolyte membrane, wherein the solid polymer electrolyte 
membrane comprises a porous substrate having imbibed therein a 
compound having the general structure: 



(R 2 -S0 2 -(Y2) q)n 
A 1 -(R 1 -S0 2 -Y 1 ) m 
(R 3 -S0 2 -Y 3 ) p 



wherein A 1 is a monovalent, divalent, or trivalent aromatic heterocyclic 
group comprising heterocyclic rings; 

R 1 , R 2 , and R 3 are divalent fluorinated groups; 
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m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 
2, or 3 so that the carbon atoms of the heterocyclic rings are fully 
substituted by acidic fluorinated sulfonyl-containing groups; 
q is 0 or 1 ; 

Y 1 is -OH, -NH-SO2-R 4 wherein R 4 is a monovalent fluorinated 
group, -NH-, -NH-S0 2 -R 5 -S0 2 -NH-, or 
-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-, wherein A 2 is a divalent aromatic 
heterocyclic group and R 5 , R 6 , and R 7 are divalent fluorinated 
groups; and 

Y 2 and Y 3 are -OH or -NH-S0 2 -R 4 ; with the proviso that when m 
and n are each equal to 1 , p is 0 to 1 , and q is 0, Y 1 is selected from 
the group consisting of-NH-, -NH-S0 2 -R 5 -S0 2 -NH-, and 
-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 

46. A membrane electrode assembly comprising a polymer 
electrolyte membrane having a first surface and a second surface, and 
comprising a compound having the general structure: 



(R 2 -S0 2 -(Y 2 ) q ) n 
A 1 -(R 1 -S0 2 -Y 1 ) m 
(R 3 -S0 2 -Y 3 ) p (|) 

wherein A 1 is a monovalent, divalent, or trivalent aromatic heterocyclic 

group comprising heterocyclic rings; 

R 1 , R 2 , and R 3 are divalent fluorinated groups; 

m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 

2, or 3 so that the carbon atoms of the heterocyclic rings are fully 

substituted by acidic fluorinated sulfonyl-containing groups; 

q is 0 or 1 ; 

Y 1 is -OH, -NH-S0 2 -R 4 wherein R 4 is a monovalent fluorinated 
group, -NH-, -NH-SO^R^SO^NH-, or 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH- wherein A 2 is a divalent aromatic 
heterocyclic group and R 5 , R 6 , and R 7 are divalent fluorinated 
groups; and 
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Y 2 and Y 3 are -OH or -NH-S0 2 -R 4 ; with the proviso that when m 
and n are each equal to 1 , p is 0 to 1 , and q is 0, Y 1 is selected from 
the group consisting of-NH- -NH-S0 2 -R 5 -S0 2 -NH- and 
-NH-S0 2 -R 6 ^ 2 -R 7 -S0 2 -NH-. 

47. An electrocatalyst coating composition comprising a compound 
having the general structure: 



(? 2 -S0 2 -(Y 2 ) q ) n 
^ 1 -(R 1 -S0 2 -Y 1 ) m 
10 (R 3 -S0 2 -Y 3 ) p (|) 



wherein A 1 is a monovalent, divalent, or trivalent aromatic heterocyclic 
group comprising heterocyclic rings; 
15 R 1 , R 2 , and R 3 are divalent fluorinated groups; 

m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 
2, or 3 so that the carbon atoms of the heterocyclic rings are fully 
substituted by acidic fluorinated sulfonyl-containing groups; 
q is 0 or 1 ; 

20 Y 1 is -OH, -NH-S0 2 -R 4 wherein R 4 is a monovalent fluorinated 

group, -NH-, _NH-S0 2 -R 5 -S0 2 -NH- or 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH- wherein A 2 is a divalent aromatic 
heterocyclic group and R 5 , R 6 , and R 7 are divalent fluorinated 
groups; and 

25 Y 2 and Y 3 are -OH or -NH-S0 2 -R 4 ; with the proviso that when m 

and n are each equal to 1 , p is 0 to 1 , and q is 0, Y 1 is selected from 
the group consisting of -NH-, -NH-S0 2 -R 5 -S0 2 -NH- and 
-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 

48. An electrocatalyst coating composition of claim 47 further 
30 comprising a catalyst. 

49. An electrochemical cell comprising a polymer electrolyte 
membrane, wherein the polymer electrolyte membrane comprises a 
compound having the general structure: 
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(R 2 -S0 2 -(Y 2 ) q ) n 
yj0-(R 1 -SO 2 -Y 1 ), 
(R 3 -S0 2 -Y 3 ) p 



5 wherein A 1 is a monovalent, divalent, or trivalent aromatic heterocyclic 
group comprising heterocyclic rings; 

R 1 , R 2 , and R 3 are divalent fluorinated groups; 
m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 
2, or 3 so that the carbon atoms of the heterocyclic rings are fully 
10 substituted by acidic fluorinated sulfonyl-containing groups; 

q is 0 or 1 ; 

Y 1 is -OH, -NH-SO2-R 4 wherein R 4 is a monovalent fluorinated 
group, -NH-, -NH-S0 2 -R 5 -S0 2 -NH-, or 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-, wherein A 2 is a divalent aromatic 
15 heterocyclic group and R 5 , R 6 , and R 7 are divalent fluorinated 

groups; and 

Y 2 and Y 3 are -OH or -NH-S0 2 -R 4 ; with the proviso that when m 
and n are each equal to 1, p is 0 to 1, and q is 0, Y 1 is selected from 
the group consisting of -NH-, -NH-S0 2 -R 5 -S0 2 -NH-, and 
20 -NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 

50. The electrochemical cell of claim 49 selected from the group 
consisting of fuel cells, batteries, chloralkali cells, electrolysis cells, 
sensors, electrochemical capacitors, and modified electrodes. 



10 



CL2179PCT - _ 

10/560883 



CLAIM 



What is claimed is: 

1 . A compound having the general structure 
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(F^ 2 -S0 2 -(Y 2 ) q ) n 
^ 1 ~(R 1 -S0 2 -Y 1 ) l 
(R 3 -S0 2 -Y 3 ) p 



wherein A 1 is a monovalent, divalent, ortrivalent aromatic heterocyclic 

10 group comprising heterocyclic rings 

R 1 , R 2 , and R 3 are divalent fluorinated groups; 
m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 
2, or 3 so that the carbon atoms of the heterocyclic rings are fully 
substituted by acidic fluorinated sulfonyl-containing groups; 

15 qisOorl; 

Y 1 is -OH, -NH-SO2-R 4 wherein R 4 is a monovalent fluorinated 
group, -NH-, -NH-S0 2 -R 5 -S0 2 -NH- or 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH- wherein A 2 is a divalent heterocyclic 
group and R 5 , R 6 , and R 7 are divalent fluorinated groups; and 
20 Y 2 and Y 3 are -OH or -NH-S0 2 -R 4 ; with the proviso that when m 

and n are each equal to 1 , p is 0 to 1 , and q is 0, Y 1 is selected from 
the group consisting of-NH-, -NH-S0 2 -R 5 -S0 2 -NH- and 
-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 

2. The compound of claim 1 wherein the compound is a small 
25 molecule. 

3. The compound of claim 1 wherein the compound is a repeat unit 
for a polymer. 

4. The compound of claim 1 , 2 or 3 wherein A 1 selected from the 
group consisting of oxadiazole, triazole, thiadiazole, pyrazole, triazine, 

30 tetrazole, oxazole, thiazole, imidazole, benzoxazole, benzothiazole, 

benzimidazole, benzobisoxazole, benzobisthiazole, benzobisimidazole, 
bibenzoxazole, bibenzothiazole, and bibenzimidazole. 

5. The compound of claim 4 wherein A 1 is selected from the group 
consisting of [1 ,3,4]oxadiazole, [1 ,3,4]thiadiazole, and [1 ,2,4]triazole. 

35 6. The compound of claim 5 wherein A 1 is [1 ,3,4]oxadiazole. 



7. The compound of claim 1 , 2, or 3 wherein R 1 , R 2 , and R 3 are 
linear, branched, or cyclic perfluorinated or partially fluorinated saturated 
or unsaturated groups having 1 to 20 carbon atoms optionally containing 

5 ethereal oxygen, chlorine, bromine, or iodine atoms. 

8. The compound of claim 7 wherein R 1 , R 2 , and R 3 are linear or 
branched perfluorinated saturated or unsaturated groups having 1 to 10 
carbon atoms optionally containing ethereal oxygen atoms. 

9. The compound of claim 8 wherein R 1 , R 2 , and R 3 are linear 
10 perfluorinated saturated groups having 1 to 6 carbon atoms. 

1 0. The compound of claim 1 , 2, or 3 wherein m + n + p is equal to 

2 or 3. 

1 1 . The compound of claim 10 wherein m + n + p is equal to 2. 

12. The compound of claim 1 or 3 wherein A 2 is a divalent aromatic 
15 heterocyclic group, such as an oxadiazole, triazole, thiadiazole, 

benzobisoxazole, benzobisthiazole, benzobisimidazole, 
bibenzoxazole, bibenzothiazole, and bibenzimidazole. 

13. The compound of claim 12 wherein A 2 is [1,3,4]oxadiazole. 

14. The compound of claim 1 or 3 wherein R 5 , R 6 , and R 7 are 

20 linear, branched, or cyclic perfluorinated or partially fluorinated saturated 
or unsaturated groups having 1 to 20 carbon atoms optionally containing 
ethereal oxygen, chlorine, bromine, or iodine atoms. 

15. The compound of claim 1 or 2 wherein Y 1 , Y 2 , and Y 3 are each 
equal to -OH or-NH-S0 2 -R 4 , wherein R 4 is any monovalent fluorinated 

25 group, and q is 1. 

16. The compound of claim 15 wherein R 4 is a linear, branched, or 
cyclic perfluorinated or partially fluorinated saturated or unsaturated group 
having 1 to 20 carbon atoms optionally containing ethereal oxygen, 
chlorine, bromine, or iodine atoms. 

30 17. The compound of claim 15 wherein m + n + p is equal to 2 or 3. 

18. The compound of claim 1 or 2 wherein Y 1 is -NH-S0 2 -R 4 , n 
and p are each equal to 0, and m is 2 or 3. 

19. The compound of claim 1 or 3 wherein m and n is each equal 
to 1 , p is 0 to 1 , and q is 0. 

35 20. The compound of claim 19 wherein A 1 is a divalent aromatic 

heterocyclic group, m and n are each equal to 1, p is 0, q is 0, and Y 1 is 
-NH-. 
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21 . The compound of claim 19 wherein A 1 is a divalent aromatic 
heterocyclic group, m and n are each equal to 1 , p is 0, q is 0, and Y 1 is 
-NH-S0 2 -R 5 -S0 2 -NH- wherein R 5 is a divalent fluorinated group. 

22. The compound of claim 19 wherein A 1 is a divalent aromatic 
5 heterocyclic group, m and n are each equal to 1 , p is 0, q is 0, and Y 1 is 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH- wherein R 6 and R 7 are a divalent fluorinated 
groups. 

23. A compound of claim 1 or 3 wherein the compound is a random 
copolymer obtained by randomly combining any variety of the polymer 

10 repeat units, in any ratio with respect to each other, wherein m and n are 
each equal to 1 , p is 0 to 1 and q is 0. 

24. A compound of claim 1 or 2 wherein A 1 is a divalent aromatic 
heterocyclic group, m is 2, n and p are each equal to 0, and Y 1 is 
-NH-SO2-R 4 . 

15 25. A compound of claim 1 or 3 wherein A 1 is a divalent aromatic 

heterocyclic group, m and n are each equal to 1 , p is 0, q is 0, and Y 1 is 
-NH-. 

26. A compound of claim 1 or 3 wherein A 1 is a divalent aromatic 
heterocyclic group, m and n are each equal to 1 , p is 0, q is 0, and Y 1 is 

20 -NH-S0 2 -R 5 -S0 2 -NH-. 

27. A compound of claim 1 or 3 wherein A 1 is a divalent aromatic 
heterocyclic group, m and n are each equal to 1 , p is 0, q is 0, and Y 1 is 
-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 

28. A fluorinated fluorosulfonyl-substituted heterocycle having the 
25 general structure: 

(lf-S0 2 -F) n 

^ 3 -(R 1 -so 2 -F) m 

( R3 - S °2-F)p („), 



wherein A is a divalent or trivalent aromatic heterocyclic group comprising 
heterocyclic rings; 

R 1 , R 2 , and R 3 are divalent fluorinated groups; 
m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 2 
35 or 3 so that the carbon atoms of the heterocyclic rings are fully . 

substituted by fluorinated fluorosulfonyl groups. 
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29. The fluorinated fluorosulfonyl-substituted heterocycle of claim 
28 wherein A 3 is a divalent aromatic heterocyclic group, m and n are each 
equal to 1, and p is 0. 

30. The fluorinated fluorosulfonyl-substituted heterocycle of claim 
28 wherein A 3 is a divalent aromatic heterocyclic group, n and p are each 
equal to 0, and m is 2. 

31 . A process for synthesizing a compound comprising the 
following steps: 

(a) providing a fluorosulfonyl-containing acyl derivative having the 
structure: 

F-S0 2 -R 8 -X, 

wherein R 8 is a divalent fluorinated group as defined above for R 1 and X is 
an acyl group; 

(b) condensing the fluorosulfonyl-containing acyl derivative from 
step (a) with a nitrogenous reagent to form a sulfonyl-containing precursor; 

(c) cyclizing the sulfonyl-containing precursor of step (b) by 
thermolysis or dehydration to form a sulfonyl-containing aromatic 
heterocyclic compound containing fluorosulfonyl groups or sulfonamide 
groups; and 

(d) converting the sulfonyl-containing aromatic heterocyclic 
compound of step (c) containing fluorosulfonyl groups or sulfonamide 
groups, into an acidic sulfonyl-containing aromatic heterocyclic compound 
by either: 

(i) condensing fluorosulfonyl groups with a fluorinated sulfonamide, 

(ii) condensing sulfonamide groups with a fluorinated sulfonyl 
fluoride, 

(Hi) condensing fluorosulfonyl groups first with ammonia to form 
sulfonamide groups followed by a fluorinated sulfonyl fluoride to 
form sulfonimide groups, or 

(iv) hydrolysis of fluorosulfonyl or sulfonamide groups to form 
sulfonic acid groups. 

32. The process of claim 31 wherein the acyl group is selected 
from the group consisting of acyl fluoride, acyl chloride, acyl bromide, acyl 
iodide, an ester, an amide, and nitrile. 

33. The process of claim 31 wherein the nitrogenous reagent, is 
selected from the group consisting of ammonia; hydrazine; an azide; and 
an organic ortho-substituted aromatic amine. 
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34. A process for synthesizing a bis(sulfonimide)-[1 ,3,4]oxadiazole 
by condensing a fluorosulfonyl acyl fluoride, F-S0 2 -R 8 -CO-F, with 
hydrazine to form a bis(fluorosulfonyl)dihydrazide containing a dihydrazide 
group and fluorosulfonyl groups; forming a [1 ,3,4]oxadiazole ring by 

5 cyclizing the dihydrazide group using dehydration; condensing the 
fluorosulfonyl groups with ammonia to form a bis(sulfonamide)- 
[1 ,3,4]oxadiazole containing sulfonamide groups; and forming sulfonimide 
groups by condensing a fluorinated sulfonyl fluoride, R 4 -S0 2 -F, with the 
sulfonamide groups, wherein R 4 and R 8 are linear perfluorinated saturated 
10 groups having 1 to 6 carbon atoms. 

35. A process for synthesizing a copolymer containing sulfonimide 
and [1,3,4]oxadiazole groups by condensing a fluorosulfonyl acyl fluoride, 
F-S0 2 -R 8 -CO-F, with hydrazine to form a bis(fluorosulfonyl)dihydrazide 
containing a dihydrazide group and fluorosulfonyl groups; forming a 

15 [1 ,3,4]oxadiazole ring by cyclizing the dihydrazide group using 

dehydration; condensing the fluorosulfonyl groups with ammonia to form a 
bis(sulfonamide)-[1 ,3,4]oxadiazole containing sulfonamide groups; and 
forming sulfonimide groups by condensing a fluorinated disulfonyl 
difluoride, F-S0 2 -R 5 -S0 2 -F, with the sulfonamide groups, wherein R 5 and 

20 R 8 are linear perfluorinated saturated groups having 1 to 6 carbon atoms. 

36. A process for synthesizing a benzimidazole sulfonimide by 
condensing a fluorosulfonyl acyl fluoride, F-S0 2 -R 8 -CO-F, with ammonia 
to form a diamide containing a carbamide group and a sulfonamide group; 
condensing the carbamide group with an ortho-phenylene diamine to form 

25 a carbamide adduct; cyclizing the carbamide adduct by thermolysis to form 
a benzimjdazole group, and forming a sulfonimide group by condensing a 
fluorinated sulfonyl fluoride, R 4 -S0 2 -F, with the sulfonamide group, 
wherein R 4 and R 8 are linear perfluorinated saturated groups having 1 to 6 
carbon atoms. 

30 37. A process for synthesizing a benzimidazole sulfonic acid by 

condensing a fluorosulfonyl acyl fluoride, F-S0 2 -R 8 -CO-F, with an ortho- 
phenylene diamine to form a carbamide adduct; cyclizing the carbamide 
adduct by thermolysis to form a benzimidazole group, and forming a 
sulfonic acid group by hydrolyzing the fluorosulfonyl group wherein R 8 is a 

35 linear perfluorinated saturated group having 1 to 6 carbon atoms. 

38. A solid polymer electrolyte membrane comprising a porous 
substrate having imbibed therein a compound having the general 
structure: 



(ff-S0 2 -(Y 2 ) q ) n 
^ 1 -(R 1 -S0 2 -Y 1 ), 
(R 3 -S0 2 -Y 3 ) p 



wherein A 1 is a monovalent, divalent, or trivalent aromatic heterocyclic 
group comprising heterocyclic rings; 

R\ R 2 , and R 3 are divalent fluorinated groups; 

m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 
10 2, or 3 so that the carbon atoms of the heterocyclic rings are fully 

substituted by acidic fluorinated sulfonyl-containing groups; 

qisOorl; 

Y 1 is -OH, -NH-SO2-R 4 wherein R 4 is a monovalent fluorinated 
group, -NH-, -NH-S0 2 -R 5 -S0 2 -NH- or 
15 -NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH- wherein A 2 is a divalent aromatic 

heterocyclic group and R 5 , R 6 , and R 7 are divalent fluorinated 
groups; and 

Y 2 and Y 3 are -OH or-NH-S0 2 -R 4 ; with the proviso that when m 
and n are each equal to 1 , p is 0 to 1 , and q is 0, Y 1 is selected from 
20 the group consisting of -NH-, -NH-S0 2 -R 5 -S0 2 -NH- and 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 

39. The solid polymer electrolyte membrane of claim 38 wherein 
the porous substrate is selected from the group consisting of inorganic 
fiber substrates and microporous films of perfluorinated polymers. 
25 40. The solid polymer electrolyte membrane of claim 38 wherein 

the compound is a small molecule. 

41 . The solid polymer electrolyte membrane of claim 38 wherein 
the compound is a repeat unit for a polymer. 

42. The solid polymer electrolyte membrane of claim 38 wherein 
30 the compound is cross linked, grafted, or chain extended within the porous 

support. 

43. The solid polymer electrolyte membrane of claim 42 wherein 
the compound is modified to contain reactive functional groups to provide 
crosslinking, grafting, or chain extension. 
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44. The solid polymer electrolyte membrane of claim 42 wherein 
the compound is mixed with reagents to provide crosslinking, grafting, or 
chain extension. 

45. Tho solid po l vmor electrolyte mnmh rnn ,-, n f n | nim 38 1Q or 11 
5 whoroin A* soloctod from tho group concisting of oxad i azolo, triazole, 

thiadiazolo, pyrazolo, triazino, totrazolo, oxazolo, thiazolo, im i dazole, 
bonzoxazolo, bonzothiazolo, bonzim i dazolo, bonzobiooxazolo, 
bonzobiothiazo l o, bonzobisimidazolo, bibonzoxazolo, bibonzothiazolo, and 
bibenzimidazolo. 

10 46. Tno oo' i d polymer o l octrolyto mombrano of claim 15 whoro i n A* 

is soloctod from tho group consisting of [1,3,1]oxadiazolo, 
[1,3,4]thiadiazolo and [1,2,4]triazolo. 

47. Tho sol i d polymer o l octrolyto mombrano of claim 46 whoroin A 4 
is [1,3, ' 1]oxadiazo l c. 

15 -18. Tho GOlid DOlvmnr nlontrnlytn mnmhr nn ^ r | a j m 38, 1Q, or 11 

whoro i n R 4 7 -R 2 7 -and-R 3 aro linear, branchod, or cyclic porfluorinatod or 
partially fluorinatod nntumtnH nr nnmtnmtrvH gr ^i i p T having 1 to 20 carbon 
atoms optionally containing ethereal oxygon, ch l orine, bromine, or iodine 
atoms. 

20 49. Tho solid polymor oloctrolyto mombrano of claim 18 whoroin 

RVR S 7-and-R a are linear or branchod porf l uorinatod saturated or 
unsaturated groups having 1 to 10 carbon atoms optionally containing 
ethereal oxygon atoms. 

50. Tho so li d polymor ol o ctrolyto mombrano of claim -10 whoroin 
25 R t-R r-aftd-R 3 aro l i near porfluorinatod saturated groups having 1 to 6 

carbon atoms. 

51 . Tho sol i d po l vmor eteetfolyte membfaf^e "f claim 38, -10, or 11 
whoroin m + n + p is equal to 2 or 3. 

52. Tho solid polymor oloctrolyto mombrano of claim 51 whoroin m 
30 + n + p is equa l to 2. 

53. Tho so li d polymor electrolyte mombrano of claim 38 or 1 1 
whoro i n A 3 is a divalent aromat i c hotorocyclic group, such as an 
oxadiazolo, tr i azole, thiadiazolo, bonzob i soxazolo, bonzobisthiazo l o, 
benzobisimidazolo, bibonzoxazolo, bibonzothiazolo, and b i bonz i midazolo. 

35 5-1 . Tho solid polymor oloctrolyto mombrano of claim 53 whoroin A 2 

i s [lAljoxadiazolo. 

55. Tho sol i d polymor o l octrolyto mombrano of c l aim 38 or 4-1 
whoroin R VRVand-R 7 are linoar, branched, or cycl i c porfluorinatod or 
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part i a ll y fluorinat e d saturated or unsaturat e d groups having 1 to 20 carbon 
atoms opt i onally containing othereal oxygon, chlor i n e , bromine, or iodino 
atoms. 

56. The so l id po l ymer e l e ctrolyte membran e of c l aim 38 or 40 

5 whoro i n Y VY g , and Y a are oach e qual to OH or NH SO3 -R 4 , whoroin R 4 
is any monoval e nt fluorinated group, and q is 1. 

57. Tho sol i d po l ymer ol o ctrolyto mombrano of claim 56 whoro i n R 4 
is a lin e ar, branch e d, or cycl i c perfluor i natod or part i al l y fluor i nated 
saturat e d or unsaturated group having 1 to 20 carbon atoms opt i onally 

10 contain i ng etherea l oxygen, chlorin e , brom i n e , or iodine atoms. 

58. Tho sol i d polym e r ele ctro l yt e membran e of c l aim 56 wh e r e in m 
+ n + p i s o qua l to 2 or 3. 

59. Th e so l id polymer o l octro l yto mombrano of claim 38 or 40 
whoroin Y 4 is NH SO2 -R 4 , n and p ar o oach oqual to 0 and m is 2 or 3. 

15 60. Th e sol i d polym e r electro l yte membrane of claim 38 or 41 

wherein m and n is e ach oqual to 1 , p i s 0 to 1 , and q is 0. 

61 . Th e solid polym e r e le ctro l yt e m e mbrane of c l a i m 60 whoro i n A 4 
is a dival e nt aromatic h e t e rocyclic group, m and n aro oach equal to 1 , p i s 
0, q is 0, and Y 4 is NH . 

20 62. Tho solid polymer electrolyt e m e mbran e of claim 60 wh e r ei n A 4 

is a divalent aromatic hotorocyc l ic group, m and n are e ach e qual to 1, p i s 
0, q is 0, and Y 4 is NH SCb -R § -SQ 2 - NH , whoroin R § is a divalent 
fluorinatod group. 

63. The solid po l ym e r el ectro l yt e membrane of claim 60 whoro i n A 4 
25 is a diva l ent aromatic heterocyclic group, m and n ar e oach oqual to 1 , p is 

0, q is 0, and Y 4 is NH SO^ R 6 -A 2 -R*-SQ 2 NH , whoro i n R*ancM^are-a 
diva le nt fluorinated groups. 

64. Th e so l id po l ymer oloctrolyto membrane of claim 38 or 41 
wh e r e in th e compound i s a random copo l ymer obta i n e d by randomly 

30 combin i ng any variety of tho polymor r e peat un i ts, in any rat i o with respect 
to each othor, wher ei n m and n are each e qua l to 1 , p i s 0 to 1 and q i s 0. 

65. Tho solid po l ymer e lectrolyte mombrano of claim 38 or 40 
wh e rein A 4 is a dival e nt aromatic het e rocycl i c group, m is 2, n and p aro 
each oqua l to 0, and Y 4 i s NH SO3 -RV 

35 66. Tho solid polymer el e ctro l yte mombrano of claim 38 or 41 

wh e r ei n A 4 i s a d i va l ent aromat i c heterocyc l ic group, m and n ar e e ach 
equal to 1 , p is 0, q is 0, and Y 4 is NH . 
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67. Th e sol i d polymer e l e ctrolyte m e mbran e of c l aim 38 or <\\ 
wh e r ei n A * is a dival e nt aromat i c heterocyc li c group, m and n ar o oach 
equal to 1 , p is 0, q is 0, and Y* is NH SOa -R § -S0 2 NH . 

68. Tho sol i d po l ymer electrolyte membrane of c l aim 38 or 41 

5 wh e re i n A 4 is a dival e nt aromat i c h e t e rocyc l ic group, m and n aro each 
equal to 1 , p is 0, q is 0, and Y * is NH S0 2 -R § -A 2 ~R 7 -SO^NH-, 

§945. A catalyst coated membrane comprising a solid polymer 
electrolyte membrane having a first surface and a second surface, an 
anode present on the first surface of the solid polymer electrolyte 
10 membrane, and a cathode present on the second surface of the solid 
polymer electrolyte membrane, wherein the solid polymer electrolyte 
membrane comprises a porous substrate having imbibed therein a 
compound having the general structure: 

15 

(lf-S0 2 -(Y 2 ) q ) n 

y^-(R 1 -so 2 -Y 1 ) m 

(R 3 -S0 2 -Y 3 ) p (|) 

wherein A 1 is a monovalent, divalent, or trivalent aromatic heterocyclic 

20 group comprising heterocyclic rings; 

R 1 , R 2 , and R 3 are divalent fluorinated groups; 
m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 
2, or 3 so that the carbon atoms of the heterocyclic rings are fully 
substituted by acidic fluorinated sulfonyl-containing groups; 

25 q is 0 or 1; 

Y 1 is -OH, -NH-SO2-R 4 wherein R 4 is a monovalent fluorinated 
group, -NH-, -NH-S0 2 -R 5 -S0 2 -NH- or 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH- wherein A 2 is a divalent aromatic 
heterocyclic group and R 5 , R 6 , and R 7 are divalent fluorinated 
30 groups; and 

Y 2 and Y 3 are -OH or-NH-S0 2 -R 4 ; with the proviso that when m 
and n are each equal to 1 , p is 0 to 1 , and q is 0, Y 1 is selected from 
the group consisting of -NH- -NH-S0 2 -R 5 -S0 2 -NH- and 
-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 
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7046. A membrane electrode assembly comprising a polymer 
electrolyte membrane having a first surface and a second surface, and 
comprising a compound having the general structure: 



(R 2 -S0 2 -(Y 2 ) q ) n 
A 1 -(R 1 -S0 2 -Y 1 ), 
(R 3 -S0 2 -Y 3 ) p 



wherein A 1 is a monovalent, divalent, or trivalent aromatic heterocyclic 

10 group comprising heterocyclic rings; 

R 1 , R 2 , and R 3 are divalent fluorinated groups; 
m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 
2, or 3 so that the carbon atoms of the heterocyclic rings are fully 
substituted by acidic fluorinated sulfonyl-containing groups; 

15 qisOoM; 

Y 1 is -OH, -NH-S0 2 -R 4 wherein R 4 is a monovalent fluorinated 
group, -NH-, -NH-S0 2 -R 5 -S0 2 -NH-, or 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-, wherein A 2 is a divalent aromatic 
heterocyclic group and R 5 , R 6 , and R 7 are divalent fluorinated 
20 groups; and 

Y 2 and Y 3 are -OH or -NH-S0 2 -R 4 ; with the proviso that when m 
and n are each equal to 1 , p is 0 to 1 , and q is 0, Y 1 is selected from 

the group consisting of -NH- -NH-S0 2 -R 5 -S0 2 -NH-, and 
-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 
25 71 . Tho mombrano o l octrodo assemb l y of cla i m 70 whoroin tho 

solid polymer oloctrolyto further comprises a porous support. 

72. Tho mombrano oloctrodo assembly of claim 70 further 
comprising at least ono oloctrodo proparod from an oloctrocatalyst coating 
composition prosont on tho first and socond surfaces of tho polymor 

30 electrolyte mombrano. 

73. Tho mombrano oloctrodo assembly of claim 72 further 
comprising at loast ono gas diffusion backing prosont on at loast ono 
eloctrodo, on tho s i d o away from tho polymor oloctrolyto m o mbran o . 
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74. Th e m e mbran e e l e ctrode ass e mbly of c l aim 70 further 
compr i sing at l e ast on e gas d i ffusion e lectrod e present on the first and 
s e cond surfac e s of th e po l ym e r e l e ctrolyt e membran e , wher e in tho gas 
d i ffusion ele ctrod e compr i s e s a gas diffus i on backing and an electrode 

5 prepared from an o l octrocatalyst coating composition. 

75. The membran e e lectrode ass e mbly of c l a i m 72 or 74 where i n 
th e e l e ctrod e i s an anod e . 

76. Th e membran e ele ctrod e assembly of c l aim 72 or 74 wherein 
th e e l e ctrode is a cathod e . 

10 77. Th e membran e e l e ctrod e assemb l y of claim 72 or 7 A wherein 

th e e lectrocatalyst coat i ng composition comprises a compound having tho 
general structur e : 



(Fj^-S0 2 -(Y<%) n 

^-(R 1 -so^Y 1 ) m 

15 (R 3 -S0 2 -Y 3 ) p „ 



where i n A 4 is a monova l ent, diva le nt, or triva l ent aromatic heterocyc l ic 

group comprising h e t e rocycl i c rings; 
20 RVR 3 , 3nd R a are divalent fluorinated groups; 

m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 
2, or 3 so that the carbon atoms of th e h e t e rocyc li c rings ar e fu l ly 
substitut e d by acidic fluorinated sulfonyl - containing groups; 
q is 0 or 1; 

25 ¥ 4 is OH, — NH - SQ 2-R 4 wh e r e in R 4 i s a monoval e nt f l uor i nat e d 

group, NH , NH SOg -R 5 SO a NH , or 

NH SOg ^ 6 -A 2 -R*-SOa NH , wh e r e in A 3 is a d i va l ent aromat i c 
het e rocyclic group and R VR 6 , and R 7 are d i valent fluorinated 
groups; and 

30 ¥ 2 and Y 3 are OH or NH SCV R 4 ; with tho proviso that when m 

and n ar e each e qual to 1 , p is 0 to 1 , and q i s 0, Y 4 i s s e l e cted from 
tho group cons i sting of NH - NH SO^-R^-SOg NH , and 

NH S0 ^^ 2 ^ 7 -SQ244H-^ 
78. The m e mbrane e l ectrod e ass e mbly of claim 77 wher e in the 

35 ele ctrocatalyst co a t i ng composition further compr i ses a catalyst. 
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7947. An electrocatalyst coating composition comprising a 
compound having the general structure: 



(R 2 -S0 2 -(Y 2 ) q ) n 
A 1 -(R 1 -S0 2 -Y 1 ), 
(R 3 -S0 2 -Y 3 ) p 



'm 



(i). 



wherein A 1 is a monovalent, divalent, or trivalent aromatic heterocyclic 

group comprising heterocyclic rings; 

R 1 , R 2 , and R 3 are divalent fluorinated groups; 

m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 

2, or 3 so that the carbon atoms of the heterocyclic rings are fully 

substituted by acidic fluorinated sulfonyl-containing groups; 

q is 0 or 1 ; 

Y 1 is -OH, -NH-SO2-R 4 wherein R 4 is a monovalent fluorinated 
group, -NH-, -NH-S0 2 -R 5 -S02-NH-, or 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-, wherein A 2 is a divalent aromatic 
heterocyclic group and R 5 , R 6 , and R 7 are divalent fluorinated 
groups; and 

Y 2 and Y 3 are -OH or -NH-SO2-R 4 ; with the proviso that when m 
and n are each equal to 1 , p is 0 to 1 , and q is 0, Y 1 is selected from 
the group consisting of-NH- -NH-S0 2 -R 5 -S0 2 -NH-, and 
- -NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 

S048. An electrocatalyst coating composition of claim 7-9_47 further 

comprising a catalyst. 

S4-49. An electrochemical cell comprising a polymer electrolyte 

membrane, wherein the polymer electrolyte membrane comprises a 

compound having the general structure: 



(R 2 -S0 2 -(Y 2 ) q ) n 

aMR^so^y 1 ), 

(R 3 -S0 2 -Y 3 ) p 



m 
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wherein A 1 is a monovalent, divalent, or trivalent aromatic heterocyclic 

group comprising heterocyclic rings; 

R\ R 2 , and R 3 are divalent fluorinated groups; 

m, n, and p are 0 to 3, with the proviso that m + n + p is equal to 1 , 

2, or 3 so that the carbon atoms of the heterocyclic rings are fully 

substituted by acidic fluorinated sulfonyl-containing groups; 

q is 0 or 1 ; 

Y 1 is -OH, -NH-S0 2 -R 4 wherein R 4 is a monovalent fluorinated 
group, -NH-, -NH-S0 2 -R 5 -S0 2 -NH- or 

-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH- wherein A 2 is a divalent aromatic 
heterocyclic group and R 5 , R 6 , and R 7 are divalent fluorinated 
groups; and 

Y 2 and Y 3 are -OH or -NH-S0 2 -R 4 ; with the proviso that when m 
and n are each equal to 1 , p is 0 to 1 , and q is 0, Y 1 is selected from 
the group consisting of-NH- -NH-S0 2 -R 5 -S0 2 -NH- and 
-NH-S0 2 -R 6 -A 2 -R 7 -S0 2 -NH-. 

§250. The electrochemical cell of claim 84 49 selected from the 
group consisting of fuel cells, batteries, chloralkali cells, electrolysis cells, 
sensors, electrochemical capacitors, and modified electrodes. 

83. Tho oloctrochomical coll of claim 82, whoroin th o 
electrochemica l coll i s a fuol co ll . 

84. The fuel ce l l of claim 83 whoroin the polym o r e l e ctrolyt e 
membrane further compr i ses a porous support. 

85. Tho fuol coll of claim 81 wh e rein the compound i o imbibed into 
the porous support. 

86. Tho fu el ce l l of claim 83 further compr i sing an anodo and a 
cathodo pr e s e nt on tho first and second surfaces of tho col i d polymor 
ele ctro l yte mombran o . 

87. Tho fu el ce l l of claim 86 comprising at l east on e gas diffus i on 
backing present on tho sido of tho anodo or cathodo away from tho solid 
polymer e l ectrolyte mombrano. 

88. The fu e l co l l of claim 83 comprising gas diffus i on oloctrodos, 
whero i n th e gas d i ffusion o l octrodos compriso at le ast ono e lectrodo on a 
gas diffusion backing, whoroin th e electrod e is pr e sent in contact with tho 
solid polymer o l octrolyte membrane. 

89. Tho fuol col l of claim 88 whor oi n tho oloctrod o is an anod o . 

90. Tho fuol coll of claim 88 whor o in tho oloctrodo i s a cathodo. 
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91 . Tho fuol coll of nlnim ftR whnroin thr> Hoctrodcs compricc an 
anodo and a cathode. 

92. Tho fuol coll of claim 86 or 01 further comprising a moanc for 
delivering a fuel to tho anode, a moanc for del i ver i ng oxygon to tho 

5 cathode, a moano for oonnocting tho anode and cathodo to an external 
electr i cal load, a fuol in tho liquid or gaseous otato in contact with tho 
anodo, and oxyg o n in contact w i th tho cathode. 

93. Tho fuol co l l of claim 83, 86 or 88 whoro i n tho fuo l is hydrogen. 

94. Tho fuol co l l of claim 83, 86 or 88 wherein tho fuol is an 
10 alcohol. 

95. Tho fuol coll of claim OA whoroin the fuo l is methanol. 
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